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Abstract 

Background: Conventional food additives were associated with potential harm. Palm seeds are an interesting source of high-added value bioactive 
compounds, regarding their potential use in food industries. Aim: Date seeds extract (DSE) of Algerian Phoenix dactyliefra L. was studied for its 
phytochemical, antioxidant, and antibacterial activity and to identify its potential uses in foods. Material and methods: A total soluble solid of DSE 
(°Brix) was determined by refractometry. The total phenolic contents (TPCs) were determined according to the Folin-Cioclateu method and the total 
flavonoid and flavonols were also estimated with colorimetric method. The DPPH method was used to determine the antioxidant activity of DSE. 
The IC 50 values were also calculated and the antioxidant activity index (AAI) was determined. The agar well diffusion method was employed for the 
antibacterial activity of the aqueous DSE against various pathogens. Results: Moisture, ash, and fat contents (%) determined were 11.06, 1.33, and 
7.06, respectively. The physicochemical analysis of the extract showed a pH value of 4.67, titratable acidity value of 0.64 citric acid/100 g, °Brix value 
= 3%, sugars values of 0.12, 0.47, and 0.33 g/L for reducing sugar, total sugar, and sucrose, respectively. The determination of phenolic compounds 
was carried out on three groups, namely total phenols = 229.67 mg GAEq/g, flavonoids = 201.12 mg QEq/g, and flavonols = 173.03 mg QEq/g, 
respectively. The DSE demonstrates to be effective as an antioxidant “in vitro ’ and showed a strong antibacterial activity with different inhibition 
levels, depending on the bacterial strains. Conclusion: The current investigations present knowledge about the possible role of palm industry by- 
products as a novel perspective for the development of new foods. We suggest that date seeds can be exploited in some food applications utilizing their 
high levels of bioactive molecules. 
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1. Introduction 

The date palm ( Phoenix dactylifera, Arecaceae: Palmae) is the 
oldest tree grown in the arid regions and cited in the Holy Quran. 
The Quran relates that the Virgin Mary was experiencing 
childbirth pains and then saw a palm tree nearby and held on to 
it. While she was holding on to the tree, Mary heard a voice telling 
her “Shake the trunk of the palm-tree towards you and fresh, ripe 
dates will drop down onto you . Surah Maryam (19:25), and 
provided huge economic assets, especially in the Middle East and 
North Africa. According to traditions, all parts of date palms are 
used in traditional medicine l . The P. dactylifera fruits play an 
important role in the economy and social life of people living in 
arid and semi-arid regions. Algeria is considered to be one of the 
largest producers of dates in the world where the date palm 
constitutes a strategic fruit crop containing about one 
thousand cultivars 2 . However, these genetic resources remain 
poorly exploited, with the exception of the “Deglet-Nour” variety 
and to a lesser extern the variety “ Ghars ”, “Degla-Baida and 


“Mech-Degla 3 . The date palm fruit is a key agro-product and a 
vital component of the population’s diet living in the Algerian 
Sahara. This fruit holds great importance from both nutritional 
and economic points of view. The industrial processing of this 
fruit results in the rejection of considerable quantities of waste 
represented mainly by the seeds. Depending on the variety, date 
seeds make up about 10 to 15% of the fruit's weight. In addition, 
date seeds are used mainly for animal feeds such as carnei, cattle, 
sheep, and poultry 4 . However, the agro chain added-value of this 
by-product could be considered. Thus, potential applications 
include oil extraction from the seeds or to use them as a dietary- 
fiber provider in bakery formulations. Ghnimi et ad. 5 found that 
date seeds contain about 15% fiber. Another function includes 
roasting the date seeds and making a caffeine-free drink that can 
substitute coffee when caffeine is a concern 6 . Chemical and 
nutritional constituents of date seeds have been reported in 
previous studies 711 . Date seeds contain a wide range of functional 
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nutritional compounds such as fiber, fat, protein, and vitamins as 
well as large amounts of phenolic compounds 5,1 °. Currently, the 
interest of public and health professionals has been drawn towards 
the importance of functional foods in the prevention of illnesses, 
and as a resuit, there has been an increase in demand for foods 
that have the potential of delaying chronie diseases. This is mainly 
related to the presence of a maximum blend of bioactive 
compounds, antioxidants, and dietary fiber present in these foods 
12,13 . In the past few years, studies on the composition and 
biological potential of date seeds have increased tremendously. It 
has been reported that date seeds contain large amounts of 
polyphenols 13,14 . However, there is a well-known association 
between the therapeutic activities of date seeds and their chemical 
constituents. It has been suggested that the date seeds can reduce 
the risk of cancer and cardiovascular diseases. It was also reported 
to improve the functionality and integrity of the immune 
system 15,16 . Conventional food additives were associated with 
potential harm. Palm seeds are an interesting source of high- 
added value compounds, which have been stimulating the 
scientific investigation regarding the potential use in food 
industries. Foods made with natural additives are continuously 
rising in the food industry to develop new products and re- 
evaluate the new formulation of processed food. These products 
containing bioactive molecules can improve health grade by 
replacing conventional food additives suspected as “harmful”. 
They are scientific evidence about the actual health advantage of 
nutraceuticals foods and natural additives. For the future new 
food generation, date and products play a crucial role. In this 
context, our study has been carried out to identify and 
characterize natural bioactive compounds in related Degla-Baida 
by-products (seeds) and to determine their antioxidant and 
antibacterial properties. 

2. Material and Methods 

2.1 Material 

The date seeds were obtained from the Degla-Baida variety 
recovered as industrial waste during December 2018 from the 
company Mehiri Dattes (Tolga city, Algeria: Latitude: 34°43'0" 
N, Longitude: 5°22'0" E, Altitude: 147 m). Four bacterial 
reference strains (American Type Culture Collection ATCC) 
which are Staphylococcus aureus ATCC 23923 ( S. aureus), 
Pseudomonas aeruginosa ATCC 27853 (P. aeruginosa), 

Escherichia coli ATCC 25922 (E. coli), and Klebsiella 
pneumoniae ATCC 4352 (K. pneumonia). All Chemicals and 
reagents employed were of analytical grade. 

2.2 Preparation of date seed powder (DSP) 

Date seeds were washed to remove adherent fruit material. After 
washing and drying, seeds were grounded into a fine powder. 
The DSP was stored in opaque glass jars at ambient temperature 
prior to analysis. 


2.3 Physicochemical analysis of date seeds powder 

The moisture content of DSP was determined by oven drying at 
105 °C to constant weight 17 . The fat level was extracted with 
petroleum ether in the Soxhlet apparatus (Biochem 
Chemopharma, Cosne-Cours-sur-Loire, France) for 6 h at the 
boiling point of the solvent (40-60 °C) 18 . To evaluate ash 
content, about 2 g of DSP was ignited and incinerated in a 
muffle furnace (Brinder, Germany) at 550 °C for 8 h. All 
analytical determinations were performed at least in triplicate. 
The values of different parameters were expressed as the mean ± 
Standard deviation (X ± S.D). 

2.4 Aqueous extraction and preservation of DSE 

The extraction was carried out using distilled water by following 
the protocol of Oomah et ad. 19 with some modifications. 
Twenty (20) g of powdered seeds were extracted with 200 mL of 
distilled water at room temperature for 24 h by a magnetic 
stirrer (non-heating agitator, Gerhardt; Germany). To obtain an 
aqueous crude extract, this mixture was filtered and centrifuged 
at 3000 rpm for 10 min, then the precipitate was removed and 
the supernatant was lyophilized and stored at 4 + 1°C for further 
analysis. 

2.5 Physicochemical analysis of DSE 

A total soluble solid measured in degree Brix (°Brix) was 
determined according to the method of the American 
Association of Cereal Chemists 20 . The measurements were 
performed using a refractometer (RF1B-90ATC Excelvan; 
China), after calibration of the device with distilled water. 
Titratable acidity was determined according to the method NF 
V 05-101 21 . A quantity of the aqueous extract (25 mL) was 
taken and then titrated with the sodium hydroxide (NaOFl; 
BiochemChemopharma, Cosne-Cours-sur-Loire, France) 
solution (0.1 N) in the presence of phenolphthalein (Sigma- 
Aldrich; Saint-Quentin-Fallavier, France) until a persistent pink 
color is obtained after 30 seconds. The titratable acidity is 
expressed in grams of citric acid per 100 g of product. Total 
sugars and reducing sugars were determined 22 . Non-reducing 
sugars (sucrose) was calculated as the difference between total 
sugars and reducing sugars. 

2.6 Phytochemical analysis of DSE 

2.6.1 Measurement of Total Phenolic Contents (TPCs) 

The TPCs in DSE were determined according to the method 
described by Singleton et al. 23 . 0.3 ml of the crude extract 
(lmg/mL) was added to 1.5 mL of Folin-Cioclateu reagent 
(Sigma-Aldrich; Taufkirchen, Germany) (1/10), the mixture was 
incubated for six min and mixed with 1.2 mL of sodium 
carbonate (Na 2 CC> 3 ; Sigma-Aldrich; Taufkirchen, Germany) 
(7.5%). The prepared samples were incubated in darkness for 
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two hours and the absorbance was measured at 760 nm. The 
resuit was expressed in mg of gallic acid (C 7 H 6 O 5 ; 
BiochemChemopharma, Cosne-Cours-sur-Loire, France) 
equivalents (GAE) per g of extract. 

2.6.2 Flavonoid contents 

The total flavonoid contents (TFCs) were estimated through 
colorimetric method of Quettier-Deleu et ai. 24 based on the 
formation of a complex flavonoid-aluminum. About 1 mL of 
methanolic extract was mixed with 1 mL of 2% hydrated 
aluminum trichloride (AICI 3 - 6 H 2 O; Biochem Chemopharma, 
Cosne-Cours-sur-Loire, France) methanolic solution. After 
incubation at room temperature for 15 min, the absorbance of 
the reaction mixture was measured at 430 nm, the TFCs were 
expressed in mg of quercetin equivalents (QE) per g of extract 
(mg QE/g). 

2.6.3 Flavonol contents 

The content of flavonols was determined according to Jimoh et 
a/. 25 method with minor modifications. The quercetin 
calibration curve was prepared by mixing 1 mL of various 
concentrations of ethanolic Solutions of quercetin (C 15 H 10 O 7 ; 
Sigma-Aldrich; Saint-Quentin-Fallavier, France) with 1 mL (1 
mg/mL) of hydrated aluminum trichloride (AICI 3 - 6 H 2 O) and 
1.5 mL (50 g/L) of sodium acetate ^EbNaCh; Sigma-Aldrich; 
Saint-Quentin-Fallavier; France). The absorbance at 440 nm 
was recorded after 15 min. The same procedure was used for 1 
mL of DSE (1 mg/mL) instead of quercetin. Ali determinations 
were carried out in triplicates. The flavonol content was 
expressed in mg of quercetin equivalents (QE) per g of extract 
(mg QE/g Dry matter). 

2.6.4 Qualitative phytochemical screening 

The DSE was subjected to qualitative chemical tests to identify 
the presence of chemical constituents present using the 
following methods: (1) alkaloids: Bouchardat’s reagent (Iodine- 
potassium Iodine); (2) saponins: bubble test; (3) terpenoids: 
sulfuric acid and chloroform (BiochemChemopharma, Cosne- 
Cours-sur-Loire, France), according to the method of Amana 26 ; 
Yadav & Agarwal 27 ; Aziman et ai. 28 , respectively. 

2.7 DPPH radical scavenging activity of DSE 

The DPPH (l,l-diphenyl- 2 -picrylhydrazyl; C 18 H 12 N 5 O 6 ; Sigma- 
Aldrich; Taufkirchen, Germany) radical scavenging method was 
used to determine the antioxidant activity of DSE. Radical 
scavenging activity (RSA) of the extract was measured according 
to the procedure described by Brand-Williams et ai . 2 . Briefly, 
50 pL of the extract was added to 1950 pL (60 pM) of the DPPH 
solution. The decrease in absorbance was determined at 515 nm 
after incubation for 30 min. All the measurements were 
performed in triplicate. RSA was expressed as the inhibition 
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percentage (%) of free radical by the sample and calculated as 
follows 30 : 

Scavenging effect (% Inhibition) 

= [(A(control) - A(sample)/A(control)] x 100 

Where A( CO ntroi) is the absorbance value of the control (1950 pL 
DPPH plus 50 pL methanol) and A( S am P ie) is the absorbance value 
of the sample (1950 pL DPPH plus 50 pL sample). The IC 50 
(concentration providing 50% inhibition) values were calculated 
from the plotted graph of scavenging activity against the 
concentrations of the samples. To standardize DPPH results, the 
antioxidant activity index (AAI) proposed by Scherer and 
Godoy 31 was calculated as follows: 

AAI = DPPH concentration in reaction mixture (pg/mL)/IC50 (gg/mL) 

The antioxidant activity is considered poor when AAI < 0.5, 
moderate when AAI between 0.5 and 1.0, strong when AAI 
between 1.0 and 2.0, and very strong when AAI > 2.0. 

2.8 Antibacterial activity 

The agar well-diffusion method, according to Djenane et a/. 32 , 
was employed for the determination of the antibacterial activity 
of the aqueous DSE. The inhibitory spectrum of the extract 
against four reference strains (S. aureus , E. coli , K. pneumoniae, 
and P. aeruginosa) was studied. 

The bacterial strain was cultured overnight at 37 °C in Mueller 
Hinton agar (MHA, Oxoid, Basingstoke, UK). One milliliter of 
stock culture was standardized through two successive 24 h 
growth cycles at 37 ± 1 °C in 9 mL of BraineHeart Infusion 
Broth (BHIB, Oxoid, Basingstoke, UK). After 48 h, 100 ml of 
the suspension were then inoculated in fresh BHIB and 
incubated at 37 ± 1 °C for 12 h to obtain a working fresh 
culture containing about 6 logio CFU/mL, determined by 
measuring transmittance at 600 nm (Spectrophotometer: 
Spectronic 20 Bausch & Lomb). The bacterial strain was 
maintained frozen at -80 °C in cryovials and was sub-cultured 
every antibacterial test. 

Mass inoculation was realized by depositing 1 mL of the 
suspension of 6 logio CFU/mL at the bottom of the sterile Petri 
dishes containing 15 mL of MHA. The contents of the Petri 
dishes were well mixed and allowed to solidify on the bench. 
After solidification, wells about 7 mm in diameter were made at 
a distance of 30 mm each using a Pasteur pipette inverted and 
flamed at its wide end. Each well was filled with 75 pL of 
diluted extracts (100 mg/mL DMSO 15%). The Petri dishes 
were left at 4 °C for 4 h to allow diffusion of the extract and 
then were incubated at 37 °C for 18-24 h. The antibacterial 
activity was expressed as the diameter of inhibition zones in mm 
produced by the extract against test microorganisms. Negative 
control (75 pL of Dimethyl sulfoxide: DMSO); (CH 3 ) 2 SO at 
15%; Biochem Chemopharma, Cosne-Cours-sur-Loire, France) 
and the positive (Gentamicin antibiotic; Bioanalyse, India) were 
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used under the same conditions. The experiment was repeated 
three times. 

2.9 Statistical analysis 

Statistical analysis was performed by Stat-box version 6.2 
Software using the variance analysis test (ANOVA). This test 
allowed us to check whether the samples come from the same 
population or have significant differences. If there is a significant 
difference, the ANOVA test is followed by the Newman-Keuls 
complementary test in order to establish the different 
homogeneous groups. The significance level was 5%. 

3. Resuits 

For the experimental design, the extract was obtained from 
Algerian date palm “ Degla-Baida”: white date seeds ( Phoenix 
dactyliefra L.) variety and was studied for its phytochemical, 
biological activity to identify its potential uses in foods. 

Table 1: Chemical compositiori of Degla-Baida (Phoenix 
dactyli fera L.) seeds powder 


Cultivar 

Physicochemical characteristics of date seeds 
powder (DSP) 


Ash content Moisture Fat content 

(%) content (%) (%) 

Degla-Baida 

1.33 ± 0.28 11.06 ± 0.04 7.056 ±0.015 


Values given are the means of three replicates ± Standard deviation 


3.1 Physicochemical analysis of DSP 

The chemical composition of the analyzed DSP is summarized 
in Table 1. The results of moisture, ash, and fat contents found 
in the current study are within the range of values indicated 
earlier in the literature 6 . The moisture content (%) of the 
studied DSP variety is relatively low (11.60 ± 0.04%). Our 
results agree with those obtained by Habib & Ibrahim 3 who 
reported values between 8.64 to 12.45% (Emirate cultivar). 
However, our results are lower than those reported by Al-Farsi et 
al. 10 regarding Fard, Khasab, and Khalas varieties (Omani 
cultivar) with values of 18.50, 16.50, and 12.60%, respectively. 
The average value of fat content in DSP was 7.06 ± 0.02%. This 
value is similar than the previous resuit reported by Hosni et al. 
34 who found values of 8.05%. The ash value (1.33 ± 0.28%) 
was close to those obtained by Saafi-Ben Salah et al. 35 for seven 
varieties grown in Tunisia (0.97 - 1.17%), and it is also similar 
to that reported by Khali et al. 3 for the same variety of Degla- 
Baida (1.10%). In another study on the characteristics of date 
seeds, Al-Farsi et al. 4 described that date seeds contained 22.5- 
80% dietary fiber, 3-7% moisture, 2-6% protein, 5-13% fat, 
and 0.9-1, 8% ash. Hamada et al. 7 reported that the fiber 
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concentration of date seeds varied between 65% and 69%, 
depending on the variety. Aldhaheri et al. 8 reported a value of 
58%, of which 53% were insoluble fibers (cellulose, 
hemicelluloses, and lignin). On the other hand, Hamada et al. 7 ; 
Herchi et al. 36 found a considerable amount of protein in date 
seeds (globulin, glutelin, albumin, prolamin). Besides, Herchi et 
al. 36 found that the carbohydrates were the predominant 
component in date seed of Kentichi Tunisian variety (83.50%). 



Concentration (pg/mL) 

Figure 1: Antioxidant properties of the Degla-Baida (Phoenix 
dactylifera L.) seed extracts measured by DPPH scavenging 
method (mean values ± Standard deviation) 

The observed differences in the chemical composition of date 
seeds among the varieties grown in the same country or in 
different regions can probably be attributed to the cultivars, 
period of harvest, post-harvest treatments, the use of fertilizers, 
and also climatic factors 33 3 . Moreover, the type of solvent used, 
the ratio solvent/sample, contact time, and temperature 
significantly influence the extraction efficacy. In this context, the 
date seed oil (Kentichi) was examined by Herchi et al. 36 . The 
authors highlighted that the physicochemical properties of the 
date palm oil were significantly correlated with temperature, 
solvents, and extraction protocol. 

3.2 Physicochemical analysis of DSE 

Table 2 shows the physicochemical analysis results of the 
aqueous DSE. The yield extraction was 4.60 ± 0.03%. This 
resuit is different compared to that found in previous studies 38,39 . 
It is important to underline that the yield extraction of the 
phenolic extract depends on the method utilized; the selection of 
solvents, as well as the conditions under which the extraction is 
carried out (hot or cold). Furthermore, a bad choice could 
negatively influence the total content of secondary metabolites 
and therefore decrease the biological activities of obtained 
extract 4 . 
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Table 2: Physicochemical characteristics and phytochemical screening of Degla-Bafda {Phoenix dactylifera L.) seed aqueous extract 


Degla-Bafda (Phoenix dactylifera L.) seed aqueous extract 

Physicochemical characteristics 

Extraction Yield .. 

(%> p h 

Titratable 
Acidity (citric 
acid / 100 g) 

Brix degree 

(%) 

Total sugar 
(g/L) 

Reducing sugar 

(g/L) 

Sucrose 

(g/L) 

4.6±0.03 4.67±0.02 

0.64±0.01 

3.00±0.00 

0.47±0.01 

0.12±0.00 

0.35±0.01 

Phytochemical screening 

Total phenolic (mg GARq/g) 

Flavonoid (QEq 

/g) 

Flavonol (QEq r 

^ ^ Saponins 

Alkaloids 

Terpenoids 

229.67±0.30 

201.12±0.02 

1 73.03±0.12 

++ 

+ 

+ 


++: presence; +: moderate presence 

Values given are the means of three replicates ± Standard deviation. 


The physicochemical characteristics of the DSE revealed a pH 
value of 4.67 ± 0 . 02 , total soluble solids contents of 3.00 ± 
0 . 00 %, titratable acidity value of 0.64 ± 0.01 g citric acid /100 g 
date seeds, total sugars content of 47.20%, reducing sugars 
content of 12 . 10 % and sucrose content of 34.90%. This is not 
consistent with those reported by Khali et al. 3 who reported a 
pH value of 3.91 ±0.19 and total sugars value of 7.09 ± 0.74% 
for the same cultivars from the same region. Likewise, these 
results are in contrast with the study developed in Mexico 40 , 
which reported pH = 6.98 ± 0.04, total soluble solids = 5.19 ± 
0.15%, titratable acidity = 0.05 ± 0 . 01 % (dw), total sugars = 
5.86 ± 0 . 20 %, reducing sugars = 4.40 ± 0.05% and sucrose = 
1.46 ± 0.15% from the Madjoul cultivar. Saafi-Ben Salah et ai . 35 
reported 0.91-6.6% for reducing sugars, and 0.61-2.98% for 
non-reducing sugars (sucrose) for seven varieties grown in 
Tunisia, respectively. Other authors already reported 10.80 and 
7.30% of glucose and fructose, respectively 41 . The chemical 
constituents contained in date seeds are responsible for the 
distinet flavors among different cultivars and their incorporation 
as an ingredient increases the nutritional value of some 
products 42 . A sensory study was conducted by Fikry et ai. 43 who 
demonstrated that the addition of roasted date seed powder in 
the beverage food showed an improvement in taste, appearance, 
and overall acceptability by consumers. The date seeds from 
various cultivars contained a significant amount of important 
minerals 44 . 

Date seed oils are distinguished by their high content in 
polyunsaturated fatty acids (PUFA): oleic acid (41 to 59%). 
These fatty acids play an essential role in human nutrition; they 
are involved in a good source of 08:1 fatty acid and in the 
prevention of heart diseases 16,45,46 . Besbes et ai. 47 reported that 
the oxidative stability of date seed oils was higher than that of 
most vegetable oils and comparable to that of olive oil and can 
be stored for a long time without deterioration. Therefore, the 
idea of application of the date seed oil can be developed as a 
food supplement in new future generation foods. 


3.3 Phytochemical determination of DSE 

The results of the phytochemical screening, total phenol, 
flavonoids, and flavonols contents of DSE were determined and 
the results are presented in Table 2 . 

Ardekani et ai. 48 ; Bouhlali et ai. 49 revealed that date seeds 
phenolic and flavones possess a broad spectrum of biological 
activity. The qualitative analysis of the three secondary 
metabolites (saponins, alkaloids, and terpenoids) was also 
reported by Qadir et ai. 50 on the variety of Sukkari (Saudi 
Arabian). The results showed the presence of saponins which are 
plant-derived anti-inflammatory compounds that may lower 
blood cholesterol and prevent heart disease as well as cancers 51 . 
A moderate presence of alkaloids and terpenoids has been 
observed, both compounds may have therapeutic effects. 
Carotenoids, one of the major subclasses of terpenes, act as 
biological antioxidants, and protect cells and tissues from the 
damaging effects of free radicals 52 . 

High values were obtained of 229.67 ± 0.30 mg GAEq/g, 
201.12 ± 0.02 mg QEq/g, and 173.03 ± 0.12 mg QEq/g for the 
TPCs, flavonoids, and flavonols respectively. Our data confirm 
previous results reported by Thouri et ai. 53 who found in their 
study on two varieties ( Korkobbi and Arechti) a high content of 
TPCs and flavonoids in the aqueous extract with regards to 
different solvents used for extractioni aqueous extract > 
methanol > aqueous acetone > absolute acetone. Mistrello et ai . 54 
found TPCs and flavonoids contents ranged between 20.58- 
29.83 mg GAEq/g and 12.71-19.32 mg QEq/g on three 
varieties (Zahidi, Deglet Nour and Khouat Allig) . These results 
were higher than those reported by Metoui et ai. 55 , who found 
on 12 varieties from Tunisia that Khadhouri variety contained 
the highest TPCs (95.32 mg GAEq/g), whereas Lemsi had the 
lowest TPCs (51.30 mg GAEq/g). The polyphenol contents of 
acetone extract of date seeds were 54.55 and 62 mg GAEq/g at 
45 and 60 °C, respectively 56 . These findings are lower than our 
results (229.67 ±0.30 mg GAEq/g). Temperature and solvents 
had a significant effect on the extraction of total polyphenols 
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and the solubility of polyphenols depends on the category of 
solvents with varied polarity 57,58 . Date seeds vary widely in their 
chemical profile owing to factors such as origin and variety, 
maturation stage, processing, and experimental conditions used 
for analysis 48,59 . Date seeds have great potential as a supplement 
for nutraceutical products 4 . Previous studies have already shown 
the biological potential of bioactive compounds containing in 
date seeds. 

3.4 Antioxidant activity of DES 

The antioxidant activity of DSE was estimated using in vitro 
test: the DPPH assay based on the ability of an antioxidant to 
scavenge l,l-diphenyl-2-picrylhydrazyl (DPPH) radical. The 
results showed very highly significant differences (p < 0.001) 
between the percentages of inhibition of DPPH at different 
concentrations by the aqueous extract, ascorbic acid, and butyl 
hydroxyanisole (BHA) as given on Figure 1. DSE shows higher 
antioxidant activity which results in a strong ability to scavenge 
the DPPH radical (62.85 ± 3.55%). The amount of antioxidant 
capable to reduce the concentration of DPPH by 50% (IC 50 ) 
showed very significant differences (p < 0.001) between the DSE 
and the two standards (BHA, ascorbic acid) used. The IC 50 
values were recorded in the following order: aqueous extract 
(185.56 pg/mL) > acid ascorbic (131.42 pg/mL) > BHA 
(125.30 pg/mL) (Figure 2). Scherer and Godoy 31 defined the 
categories of values corresponding to the antioxidant activity 
index (AAI) and, according to these categories, P. dactylifera 
seed extracts tested in the present study presented a strong 
antioxidant activity (AAI = 5.25). In the last few decades, 
considerable research has been carried out on the antioxidant 
activity of different varieties of date seeds 38 > 55 ’ 60 ' 63 . Moreover, 
various studies have already confirmed that different varieties of 
date seeds constitute an important source of antioxidants and 
hence their potential use as an ingredient in functional food 
technology. A study was conducted using flours of date seeds 
hydrolysates (2.50%) or date seeds (2.5 and 5%) to formulate 
functional bakery products, such as muffins, in order to 
determine its potential use as functional ingredients 64 . The same 
authors found that DPPH radical scavenging activity and 
hydroxyl radicals were significantly enhanced by both date seeds 
flour and hydrolysates. In another study on functional pita bread 
produced with different levels of date seeds powder (5, 15, and 
20%), it was noticed that incorporation of higher levels (15 and 
20%) of date seeds resulted in a greater amount of phenolics and 
antioxidant activities as compared with regular and whole wheat 
bread 65 . Date seeds have also been used as functional 
ingredients in model meat products 66 . It was reported that 
antioxidant extracts of date seeds improved the oxidative 
stability of ground beef by reducing the thiobarbituric acid 
reactive substances (TBA-RSs: secondary metabolites of lipid 
oxidation) values of the product as compared to untreated 
samples. Therefore, these studies strongly suggested that date 
seeds could be used as potential functional ingredients in the 


development of new food products. Herchi et ad. 36 found that 
some antioxidants such as ascorbic acid, total phenolic, total 
fliavonoid, chlorophyll, and carotenoids were found in date seed 
of Kendchi (Tunisian variety). El-Sheikh et ad. 67 succeeded in 
incorporating a date seed extract in a beverage and, they 
concluded that the product obtained presented a better sensory 
quality compared to coca beverage. 

Aiming to characterize the antioxidant status of Tunisian date 
seed oil, Nehdi et ad. 68 found that oil contains liposoluble vitamin 
type tocopherol 0.60 to 10 mg/100 g. Tocopherols have been 
recognized as potent natural antioxidants. According to 
antioxidant mechanisms, it can avoid oxidative damages and 
reduce the risk of chronie disease. In an investigation, Clemens et 
ad. 69 ; El Fouhil et ad. 70 reported that date seeds aqueous extract 
showed a better capacity to protect the human body against 
genotoxic activity, blood pressure, blood glucose level, and 
reduced low-density lipoprotein. Bioactive compounds present in 
beverage date seeds were useful against colon cancer 67 . 

Conventional food additives were associated with potential harm. 
Researchers and professionals in the food industry search for more 
suitable alternatives to conventional food additives. In this 
scenario, natural by-products as food additives are receiving 
particular attention. Palm seeds are an interesting source of high- 
added value compounds, which have been stimulating the 
scientific investigation regarding the potential use in the food 
matrix. 
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Figure 2: The percentage of DPPH* radical scavenging activity 
of the Degla-Baida (Phoenix dactylifera L.) seed extracts 
expressed as IC 50 value (pig/L): the concentration required to 
cause 50% of DPPH inhibition. Different letters indicated a 
significant difference 

3.5 Antibacterial activity of DES 

Figure 3 shows the antibacterial activity of DSE. The resuit of 
the well diffusion method indicated very highly significant 
differences between the averages of inhibitions zones (p<0.001). 
The maximum zone of inhibition was observed against P. 
aeruginosa (24.70 mm), followed by S. aureus (20 mm), K. 
pneumonia (18 mm), and E. coli (16.30 mm). A wide range of 
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antibacterial properties has been reported in different date 
cultivars when explored in vitro. The antibacterial activity of our 
DSE is very higher than that reported by Metoui et ai. on 11 
cultivars of date palm seeds from Tunisia who found that the 
diameter of inhibition of the aqueous extract ranged between 
5.30-6.83 mm against S. aureus, and 5.10 to 6.70 mm against 
E. coli. Another study on Halawi, Khadrawi, and Zahadi 
varieties from Irak reported by Aljazy et ad. 1 who found that 
the aqueous extract of these three varieties showed a weak 
inhibition against ali tested bacteria (6-8 mm). 

30- 
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Figure 3: Antibacterial activity of the aqueous extract from 
Deg/a-Baida (Phoenix dactylifera L.) seed, using paper disc- 
diffusion method, expressed by diameter (mm) of inhibition zone 
(including the disc diameter, 6 mm) 

Generally, the antibacterial action of date seeds in this report 
was attributed to its phytochemical compounds that may 
possibly include phenols, alkaloids, flavonoids, and tannins 2 . 
Al-Farsi & Lee 73 reported that the phenolic compounds of date 
seeds such as phenolic acids and flavonoids have been shown to 
possess many beneficial effects including antibacterial activity, 
thus it is important to increase the antimicrobial intake in the 
human diet and one way for achieving this is by enriching food 
with natural phenolics. Therefore, the use of date seeds as 
natural antimicrobial agents and their derivatives could be 
considered an alternative potential solution for many problems 
as antibiotics-resistant bacteria 74 . Various authors found that 
date seeds contain antibiotic oxytetracycline whose formation is 
inducible by Streptomyces spp. 75,76 . In the same way and for 
therapeutic reasons, the Algerian Sahara nomads added date 
seeds powder as waste to animal feed for goat, carneis, and 
poultry. During the last decades, various plants have been 
identified for their antibacterial potential in the food matrix. But 
their availability, characterization, defined mode of action, 
unknown toxicity level, and cost are the main factors that limit 
their application at a large scale in the food industry. Nowadays, 
the scientific approach has explored such sources that are cost- 
effective and less toxic. 


Antioxidant and antibacterial activity of Phoenix dactylifera L. seed extracts 

4. Conclusion 

Exploring agro by-products as sources of high-added value 
compounds to produce natural food additives can be seen as a 
promising strategy to replace conventional food additives. From 
the processing of the Algerian date industry for human 
consumption, the seeds are the main by-products generated. 
Seven phenolic compounds were identified and quantified: 
TPCs (229.67 mg GAEq/g), flavonoid (201.12 QEq/g), and 
flavonol (173.03 QEq/. Date seeds extracts showed an unusual 
combined antioxidant and antibacterial action, which suggest 
their great potential as nutraceuticals, particularly as a source of 
phenolic compounds. 

We clearly recognize the limitations of our research article in 
order to show readers that we are aware of these limitations and 
to explain how they affect the conclusions that can be drawn from 
the research. There are three major limitations in this study that 
could be addressed in future research. First, the study focused 
only “in vitro ’ evaluation of antioxidant and antimicrobial effects 
of DSE, second, the exhaustive chemical screening of DSE has 
not been carried out to identify and characterize volatile and no 
volatile natural bioactive compounds in related Degla-Baida by- 
products (seeds), and third, the conclusions of this study justify 
future research for the application of DSE as biopreservative in 
food systems to improve their safety and shelf-life by controlling 
toxigenic and spoilage bacteria. 

Acknowledgment: We thank the Ministry of Higher Education and 
Scientific Research of Algeria for financially supporting this 
investigation. (Grant D00L01 UNI50120180002). The authors would 
like to thank Prof. Houali Karim for the support on the use of the 
facilities of the Analytic Biochemistry and Biotechnology Laboratory at 
the University of Tizi-Ouzou, Algeria. 

Author contribution: D.D and L.AO. contributed to the 
conceptualization and experimental design of the study and wrote the 
original manuscript draft; F.B. undertook the study and conducted the 
data analysis and presentation of the data; D.D., K.B. and K.H. 
contributed to editing the manuscript. All authors have read and agreed 
to the published version of the manuscript. 

Funding: We thank the Ministry of Higher Education and Scientific 
Research of Algeria for financially supporting this investigation (Grant 
D00L01UN150120180002). 

Conflict of interest: The authors declare no conflicts of interest. 

Ethical approval: The experiment does not include any animal or 
human testing. 

References 

1. Adeosun, A. M., Oni, S. O., Ighodaro, O. M., 

Durosinlorun, O. H., & Oyedele, O. M. (2016). 

Phytochemical, minerals and free radical scavenging profiles 
of Phoenix dactilyfera L. seed extract. Journal of Taibah 
University Medical Sciences, 11(1), 1- 

6 . https://doi.Org/10.10l6/i.itumed.2015.l 1.006 

2. Bedjaoui, H., & Benbouza, H. (2020). Assessment of 
phenotypic diversity of local Algerian date palm ( Phoenix 


304 


Nor. Afr. J. Food Nutr. Res. Volume 04 | Issue 8, 2020 









Ait Ouahioune et al. 


Antioxidant and antibacterial activity of Phoenix dactylifera L. seed extracts 


dactylifera L.) cultivars. Journal of the Saudi Society of 
Agricultural Sciences, 19(1), 65- 

75. https://doi.Org/10.1016/j.jssas.2018.06.002 

3. Khali, M., Boussena, Z., & Boutekrabt, L. (2015). Effet de 
rincorporation de noyaux de dattes sur les caracteristiques 
technologiques et fonctionnelles de la farine de ble tendre. 
Revue Nature et Technologie, 7(1), 15-25. 

4. Al-Farsi, M. A., & Lee, C. Y. (2008). Optimization of 

phenolics and dietary fiber extraction from date seeds. Food 
Chemistry, 108(3), 977- 

985. https://doi.Org/10.1016/j.foodchem.2007.12.009 

5. Ghnimi, S., Umer, S., Karim, A., & Kamal-Eldin, A. 

(2017). Date fruit (Phoenix dactylifera L.): An 
underutilized food seeking industrial valorization. NFS 
Journal, 6, 1-10. https://doi.Org/10.10l6/j.nfs.20l6.12.001 

6 . Rahman, M., Kasapis, S., Al-Kharusi, N., Al-Marhubi, I., 

& Khan, A. (2007). Composition characterisation and 
thermal transition of date pits powders. Journal of Food 
Engin eering, 80(1), 1 - 

10. https://doi.Org/10.1016/j.jfoodeng.2006.04.030 

7. Hamada, J., Hashim, I., & Sharif, F. (2002). Preliminary 
analysis and potential uses of date pits in foods. Food 
Chemistry, 76(2), 135-137. https://doi.org/10.1016/sQ308- 
8146(01)00253-9 

8 . Aldhaheri, A., Alhadrami, G., Aboalnaga, N., Wasfi, I., & 

Elridi, M. (2004). Chemical composition of date pits and 
reproductive hormonal status of rats fed date pits. Food 
Chemistry, 86(1), 93- 

97. https://doi.Org/10.1016/j.foodchem.2003.08.022 

9. Besbes, S., Blecker, C., Deroanne, C., Drira, N., & 

Attia, Fi. (2004). Date seeds: Chemical composition and 
characteristic profiles of the lipid fraction. Food 
Chemistry, 84(4), 577-584. https://doi.org/10.1016/sQ308- 
8146(03)00281-4 

10. Al-Farsi, M., Alasalvar, C., Al-Abid, M., Al-Shoaily, K., Al- 

Amry, M., & Al-Rawahy, F. (2007). Compositional and 
functional characteristics of dates, syrups, and their by- 
products. Food Chemistry, 104(3), 943- 

947. https://doi.org/ 10.1016/j.foodchem.2006.12.051 

11. Sawaya, W. N., Khalil, J. K., & Safi, W. J. (1984). 

Chemical composition and nutritional quality of date seeds. 
Journal of Food Science, 49,617-619. 
https://doi.Org/10.llll/j.1365-2621.1984.tbl2482.x 

12. Maqsood, S., Kittiphattanabawon, P., Benjakul, S., 

Sumpavapol, P., & Abushelaibi, A. (2015). Antioxidant 
activity of date (Phoenix dactylifera var. Khalas) seed and its 
preventive effect on lipid oxidation in model systems. 
International Food Research Journal, 22(3), 1180-1188. 
Available at 

http://www.ifrj. upm.edu.my/22%20(03)%202015/(42). pdf 

13. Maqsood, S., Adiamo, O., Ahmad, M., & Mudgil, P. 

(2020). Bioactive compounds from date fruit and seed as 
potential nutraceutical and functional food 


ingredients. Food Chemistry, 308, 

125522. https://doi.Org/10.10l6/j.foodchem.2019.125522 

14. Bijami, A., Rezanejad, F., Oloumi, Fi., & Mozafari, H. 

(2020). Minerals, antioxidant compounds and phenolic 
profile regarding date palm ( Phoenix dactylifera L.) seed 
development. Scientia Hordculturae, 262, 

109017. https://doi.Org/10.1016/j.scienta.2019.109017 

15. Al-Shahib, W., & Marshall, R. J. (2003). Fatty acid content 

of the seeds from 14 varieties of date palm Phoenix 
dactylifera L. International Journal of Food Science and 
Technology, 38(6), 709- 

712. https://doi.Org/10.1046/j.1365-2621.2003.00723.x 

16. Al-shahib, W., & Marshall, R. J. (2003). The fruit of the 

date palm: Its possible use as the best food for the 
future? International Journal of Food Sciences and 
Nutrition, 54(4), 247- 

259. https://doi.org/10.1080/09637480120Q91982 

17. Cunniff, P. (1997). Association of Official Analytical 
Chemists (AOAC). International Methods of Analysis (16 th 
ed., 3 rd rev., 1997.). 

18. Horwitz, W., & Latimer, G. (2010). Association of Official 
Analytical Chemists (AOAC). International Methods of 
Analysis (18th ed., 3rd rev., 2010). International. 

19. Oomah, B. D., Corbe, A., & Balasubramanian, P. (2010). 

Antioxidant and anti-inflammatory activities of bean 
(Phaseolus vulgaris L.) hulls. Journal of Agricultural and 
Food Chemistry, 58(14), 8225- 

8230. https://doi.org/10.1021/jflQl 1193 

20. American Association of Cereal Chemists. (2000). 
Approved Methods of the American Association of Cereal 
Chemists. lOth Edition, MN American Association of 
Cereal Chemists, St Paul. USA. 

21. Association Fran^aise de Normalisation. (1974). NF V 05- 
101. Recueil des normes frangaises des produits derives des 
fruits et legumes, jus de fruit. AFNOR, 325. 

22. Association Fran^aise de Normalisation. (1986). Jus de 
fruits et legumes: specification d’analyse. 2eme Ed, Tour 
Europe, Paris. 

23. Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. 
(1999). Analysis of total phenols and other oxidation 
substrates and antioxidants by means of Folin-Ciocalteu 
reagent. In Methods in Enzymology (Vol. 299, p. 152- 
178). Academic Press. https://doi.org/10.10l6/S0Q76- 
6879(99)99017-1 

24. Quettier-Deleu, C., Gressier, B., Vasseur, J., Dine, T., 
Brunet, C., Luyckx, M., Cazin, M., Cazin, J., Bailleul, F., 
& Trotin, F. (2000). Phenolic compounds and antioxidant 
activities of buckwheat (Fagopyrum esculentum Moench) 
hulls and flour. Journal of Ethnopharmacology, 72(1-2), 
35-42. https://doi.org/ 10.1016/s0378-8741 (00)00196-3 

25. Jimoh, F., Adedapo, A., & Afolayan, A. (2010). 

Comparison of the nutritional value and biological activities 
of the acetone, methanol and water extracts of the leaves of 
Solanum nigrum and Leonotis leonorus. Food and 


305 


Nor. Afr. J. Food Nutr. Res. Volume 04 | Issue 8, 2020 






















Ait Ouahioune et ad. 


Antioxidant and antibacterial activity of Phoenix dactylifera L. seed extracts 


Chemical Toxicology, 48(3), 964- 

971. https://doi.Org/10.1016/i.fct.2010.01.007 

26. Amana, E. (2007). Les anacardiaceae du Togo: Etudes 

botaniques, ecologiques et proprietes antifongiques [These 
de doctorat, Reims]. Available at 

https://www.theses.fr/ 2007REIMP210 

27. Yadav, R., & Agarwala, M. (2011). Phytochemical analysis 

of some medicinal plants. Journal of Phytology , 3(12). 
Retrieved from 

http:// updatepublishing.com/journal/ index.php/jp/article/v 

iew/2737 

28. Aziman, N., Abdullah, N., Noor, Z. M., Zulkifli, K. S., & 
Kamarudin, W. W. (2012). Phytochemical constituents 
and in vitro bioactivity of ethanolic aromatic herb 
extracts. Sains Malaysiana, 41(11), 1437-1444. Available at 
https://core.ac.Uk/download/pdf/l I494451.pdf 

29. Brand-Williams, W., Cuvelier, M., & Berset, C. (1995). 
Use of a free radical method to evaluate antioxidant 
activity. LWT - Food Science and Technology, 28(1), 25- 

30. https://doi.org/10. 1016/s0023-6438(95)80008-5 

30. Molyneux, P. (2004). The use of the stable free radical 
diphenylpicrylhydrazyl (DPPH) for estimating antioxidant 
activity. Songklanakarin Journal of Science and 
Technology, 26(2), 211-219. 

31. Scherer, R., & Godoy, H. T. (2009). Antioxidant activity 

index (AAI) by the 2,2-diphenyl-l-picrylhydrazyl 
method. Food Chemistry, 112(3), 654- 

658. https://doi.org/ 10.1016/j.foodchem.2008.06.026 

32. Djenane, D., Yanguela, J., Montanes, L., Djerbal, M., & 

Roncales, P. (2011). Antimicrobial activity of Pistacia 
lentiscus and Satureja montana essential oils against Listeria 
monocytogenes CECT 935 using laboratory media: 
Efficacy and synergistic potential in minced beef. Food 
Control, 22(7), 1046- 

1053. https://doi.Org/10.1016/i.foodcont.2010.12.015 

33. Habib, H. M., & Ibrahim, W. H. (2009). Nutritional 

quality evaluation of eighteen date pit 
varieties. International Journal of Food Sciences and 
Nutrition, 60(supl), 99- 

111. https://doi.org/10.1080/096374808Q23l4639 

34. Hosni, S., Abd Gani, S. S., Halmi, M. I. E., & Zaidan, U. 
H. (2019). Characterization of nutraceutical properties of 
date palm (Phoenix dactyliferal.) kernels. International 
Journal of Pharmaceutical Research, 11, 1079-1083. 
https://doi.org/ 10.31838/iipr/2019.11.04.207 

35. Saafi-Ben Salah, E. B., Flamini, G., El Arem, A., Issaoui, 

M., Dabbou, S., Benyahia, L., Ferchichi, A. , Hammami, 
M., & Achour, L. (2012). Compositional characteristics 
and aromatic profile of date palm seeds from seven varieties 
grown in Tunisia. International Journal of Food Science 
and Technology, 47, 1903-1908. 

https://doi.Org/10.llll/i.1365-2621.2012.03049.x 

36. Herch, W., Kallel, H., & Boukhchina, S. (2014). 
Physicochemical properties and antioxidant activity of 


tunisian date palm (Phoenix dactylifera L.) oil as affected by 
different extraction methods. Food Science and 
Technology, 34(3), 464-470. 

https://doi.org/10.1590/1678-457x.636Q 

37. Habib, H. M., & Ibrahim, W. H. (2011). Effect of date 
seeds on oxidative damage and antioxidant status in vivo. 
Journal of the Science of Food and Agriculture, 91(9), 
1674-1679. https://doi.org/10.10Q2/jsfa.4368 

38. Afifi, H. S., Hashim, I. B., & Altubji, S. I. (2017). 
Optimizing extraction conditions of crude fiber, phenolic 
compounds, flavonoids and antioxidant activity of date seed 
powder. Journal of Food Science and Technology, 54(13), 
4149-4161. https://doi.org/ 10.1007/s 13197-017-2854-7 

39. Fikry, M., Yusof, Y. A., M. Al-Awaadh, A., Abdul Rahman, 
R., Chin, N. L., & Ghazali, H. M. (2019). Antioxidative 
and quality properties of full-fat date seeds brew as 
infliuenced by the roasting conditions. Antioxidants, 8(7), 
22 6. https://doi.org/10.3390/antiox8070226 

40. Salomon-Torres, R., Ortiz-Uribe, N., Valdez-Salas, B., 

Rosas-Gonzalez, N., Garcia-Gonzalez, C., Chavez, D., 
Cordova-Guerrero, I., Diaz-Rubio, L., Haro-Vazquez, M. 
D., Mijangos-Montiel, J. L., Morales-Maza, A., 
Mahadevan, P., & Krueger, R. (2019). Nutritional 
assessment, phytochemical composition and antioxidant 
analysis of the pulp and seed of medjool date grown in 
Mexico. PeerJ, 7, e6821. 

https://doi.org/10.7717/peerj.6821 

41. Wahyuni, S., Xu, D. H., Bermawie, N., Tsunematsu, H., 
& Ban, T. (2003). Genetic relationships among ginger 
accessions based on AFLP marker. Jurnal Bioteknologi 
Pertanian, 8(2), 60-68. 

42. Ashraf, Z., & Hamidi-Esfahani, Z. (2011). Date and date 
Processing: A review. Food Reviews International, 27(2), 
101-133. https://doi.org/10.1080/87559129.201Q.535231 

43. Fikry, M., Yusof, Y. A., Al-Awaadh, A. M., Rahman, R. A., 

& Chin, N. L. (2020). Prediction of the shelf-life of date 
seeds brew by integration of acceptability and quality 
indices. Journal of Food Measurement and 
Characterization, 14, 1158-1171. 

https://doi.org/ 10.1007/s 11694-019-00365-4 

44. Ali-Mohamed, A. Y., & Khamis, A. S. (2004). Mineral ion 

content of the seeds of six cultivars of Bahraini date palm 
(Phoenix dactylifera). Journal of Agricultura! and Food 
Chemistry, 52(21), 6522-6525. 

https://doi.org/ 10.1021 /if030 518x 

45. Gilmore, L. A., Walzem, R. L., Crouse, S. F., Smith, D. R., 

Adams, T. H., Vaidyanathan, V., Cao, X., & Smith, S. B. 
(2011). Consumption of high-oleic acid ground beef 
increases HDL-cholesterol concentration but both high- 
and low-oleic acid ground beef decrease HDL particle 
diameter in Normocholesterolemic men. The Journal of 
Nutrition, 141(6), 1188-1194. 

https://doi.org/10.3945/in.110.136Q85 


306 


Nor. Afr. J. Food Nutr. Res. Volume 04 | Issue 8, 2020 























Ait Ouahioune et al. 


Antioxidant and antibacterial activity of Phoenix dactylifera L. seed extracts 


46. Al-Khayri, J. M., & Naik, P. M. (2017). Date palm 

micropropagation: Advances and applications. Cienda e 
Agrotecnologia, 41 (4), 347-358. 

https://doi.org/10.1590/l4l3-705420174l400Q217 

47. Besbes, S., Blecker, C., Deroanne, C., Lognay, G., Drira, 
N. E., & Attia, H. (2004). Quality characteristics and 
oxidative stability of date seed oil during storage. Food 
Sdence and Technology International, 10(5), 333-338. 
https://doi.org/ 10.1177/1082013204047777 

48. Shams Ardekani, M., Khanavi, M., Hajimahmoodi, M., 

Jahangiri, M., & Hadjiakhoondi, A. (2010). Comparison of 
antioxidant activity and total phenol contents of some date 
seed varieties from Iran. Iranian Journal of Pharmaceutica1 

Research, 9(2), 141-146. 

https://doi.org/10.22037/nPR.2010.849 

49. Bouhlali, E. D., Hmidani, A., Bourkhis, B., Khouya, T., 

Ramchoun, M., Filali-Zegzouti, Y., & Alem, C. (2020). 
Phenolic profile and anti-inflammatory activity of four 
Moroccan date ( Phoenix dactylifera L.) seed varieties. 
Heliyon, 6(2), e03436. 

https://doi.org/ 10.1016/j.heliyon.2020.e03436 

50. Qadir, A., Singh, S. P., Akhtar, J., Ali, A., & Arif, M. 

(2018). Chemical composition of Saudi Arabian Sukkari 
variety of date seed oil and extracts obtained by slow 
pyrolysis. Indian Journal of Pharmaceutical Sciences, 

80(5), 940-946. https:// doi.org/ 10.4172/pharmaceutical- 
sciences. 1000441 

51. Echegaray, N., Pateiro, M., Gullon, B., Amarowicz, R., 

Misihairabgwi, J. M., & Lorenzo, J. M. (2020). Phoenix 
dactylifera products in human health - A review. Trends in 
Food Sdence & Technology, 105, 238-250. 

https://doi.Org/10.10l6/j.tifs.2020.09.017 

52. Gao, Y., Ligia Focsan, A., & Kispert, L.D. (2020). The 
effect of polarity of environment on the antioxidant activity 
of carotenoids. Chemical Physics Letters, 761, 138098. 
https://doi.Org/10.1016/i.cplett.2020.138098 

53. Thouri, A., Chahdoura, H., El Arem, A., Omri Hichri, A., 
Ben Hassin, R., & Achour, L. (2017). Effect of solvents 
extraction on phytochemical components and biological 
activities of Tunisian date seeds (Var. Korkobbi and 
Arechti). BMC Complementary and Alternative Medicine, 
17(1). https://doi.org/10.1186/sl2906-017-1751-y 

54. Mistrello, J., Sirisena, S. D., Ghavami, A., Marshall, R. J., 
& Krishnamoorthy, S. (2014). Determination of the 
antioxidant capacity, total phenolic and flavonoid contents 
of seeds from three commercial varieties of culinary dates. 
International Journal of Food Studies, 3(1). 
https://doi.Org/10.7455/ijfs/3.l.20l4.a3 

55. Metoui, M., Essid, A., Bouzoumita, A., & Ferchichi, A. 

(2018). Chemical composition, Antioxidantand 
antibacterial activity of Tunisian Date palm seed. Polish 
Journal of Environmental Studies, 28(1), 267-274. 

https://doi.org/ 10.15244/pjoes/84918 


56. Suresh, S., Guizani, N., Al-Ruzeiki, M., Al-Hadhrami, A., 

Al-Dohani, H., Al-Kindi, I., & Rahman, M. S. (2013). 
Thermal characteristics, chemical composition and 
polyphenol contents of date-pits powder. Journal of Food 
Engineering, 119 (3), 668-679. 

https://doi.Org/10.1016/j.jfoodeng.2013.06.026 

57. Cheung, L., Cheung, P. C., & Ooi, V. E. (2003). 
Antioxidant activity and total phenolics of edible 
mushroom extracts. Food Chemistry, 81(2), 249-255. 
https:// doi.org/ 10.1016/s0308-8146(02)00419-3 

58. Al-Rawahi, A. S., Rahman, M. S., Guizani, N., & Essa, M. 
M. (2013). Chemical composition, water sorption 
isotherm, and phenolic contents in fresh and dried 
pomegranate peels. Drying Technology, 31(3), 257-263. 
https://doi.org/10.1080/07373937.2012.71Q695 

59. Amoros, A., Pretel, M., Almansa, M., Botella, M., Zapata, 
P., & Serrano, M. (2009). Antioxidant and nutritional 
properties of date fruit from Elche grove as affected by 
maturation and phenotypic variability of date palm. Food 
Sdence and Technology International, 15(1), 65-72. 
https://doi.org/ 10,1177/1082013208102758 

60. Al-Turki, S., Shahba, M., & Stushnoff, C. (2010). Total 

phenolics and antioxidant properties of date palm ( Phoenix 
dactylifera L.) pits as affected by cultivar and location. Acta 
Horticulturae, (882), 1163-1180. 

https://doi.org/10.17660/actahortic.2010.882.135 

61. Barakat, A. Z., Hamed, A. R., Bassuiny, R. I., Abdel-Aty, 
A. M., & Mohamed, S. A. (2020). Date palm and saw 
palmetto seeds functional properties: Antioxidant, anti- 
inflammatory and antimicrobial activities. Journal of Food 
Measurement and Characterizadon, 14(2), 1064-1072. 
https://doi.org/ 10.1007/sl 1694-019-00356-5 

62. Boukouada, M., Ghiaba, Z., Gourine, N., Bombarda, I., 

Saidi, M., & Yousfi, M. (2014). Chemical composition and 
antioxidant activity of seed oil of two Algerian date palm 
cultivars ( Phoenix dactylifera). Natural Product 

Communications, 9(12), 1777-1780. 

https://doi.org/10.1177/1934578xl40090123Q 

63. Platat, C., & M Habib, H. (2014). Identification of date 
seeds varieties patterns to optimize nutritional benefits of 
date seeds. Journal of Nutridon Food Sciences, s8. 
https://doi.org/10.4l72/2155-9600.s8-0Q8 

64. Ambigaipalan, P., & Shahidi, F. (2015). Date seed flour 

and hydrolysates affect physicochemical properties of 
muffin. Food Bioscience, 12, 54-60. 

https://doi.Org/10.10l6/j.fbio.2015.06.001 

65. Platat, C., Habib, H. M., Hashim, I. B., Kamal, H., 
AlMaqbali, F., Souka, U., & Ibrahim, W. H. (2015). 
Production of functional pita bread using date seed powder. 
Journal of Food Sdence and Technology, 52(10), 6375- 
6384. https://doi.org/ 10.1007/s 13197-015-1728-0 

66. Amany, M. M. B., Shaker, M. A., & Abeer, A. K. (2012). 
Antioxidant activities of date pits in a model meat system. 
International Food Research Journal, 19(1). 


307 


Nor. Afr. J. Food Nutr. Res. Volume 04 | Issue 8, 2020 
























Ait Ouahioune et ad. 


Antioxidant and antibacterial activity of Phoenix dactylifera L. seed extracts 


http://www.ifrj.upm.edu.my/19%20(01)%202011/(29)IFR 

1-2011-1 10%20Amany.pdf 

67. EI Sheikh, D. M., El-Kholany, E. A., & Kamel, S. M. 

(2014). Nutritional value, cytotoxicity, anti-carcinogenic 
and beverage evaluation of roasted date pits. World Journal 
of Dairy & Food Science, 9, 308-316. 

https://doi:10.5829/idosi.wjdfs.20l4.9.2.91144 

68. Nehdi, I., Omri, S., Khalil, M., & Al-Resayes, S. (2010). 

Characteristics and chemical composition of date palm 
(Phoenix canariensis) seeds and seed oil. Industrial Crops 
and Products, 32(3), 360-365. 

https://doi.Org/10.10l6/j.indcrop.2010.05.0l6 

69. Clemens, R., Kranz, S., Mobley, A. R., Nicklas, T. A., 

Raimondi, M. P., Rodriguez, J. C., Slavin, J. L., & 

Warshaw, H. (2012). Filling America's fiber intake gap: 
Summary of a roundtable to probe realistic Solutions with a 
focus on grain-based foods. The Journal of 
Nutridon, 142(7), 1390S- 

1401S. https://doi.Org/10.3945/jn.l 12.160176 

70. El Fouhil, A. F., Ahmed, A. M., Atteya, M., 

Mohamed, R. A., Moustafa, A. S., & Darwish, H. H. 

(2013). An extract from date seeds stimulates endogenous 
insulin secretion in streptozotocin-induced type I diabetic 
rats. F unctio nal Foods in Health and Disease, 3( 11), 
441. https://doi.org/10.31989/ffhd.v3il 1.33 

71. Aljazy, N. A., Al-Mossawi, A. E., & Al-Rikabi, A. K. 
(2019). Study of antibacterial activity of some date seed 


extracts. Basrah Journal of Agriculturad Sciences, 32, 247- 
257. https://doi.org/ 10.37077/25200860.2019.169 

72. Martin-Sanchez, A. M., Cherif, S., Ben-Abda, J., Barber- 

Valles, X., Perez-Alvarez, J. A., & Sayas-Barbera, E. (2014). 
Phytochemicals in date Co-products and their antioxidant 
activity. Food Chemistry, 158, 513-520. 

https://doi.Org/10.10l6/j.foodchem.20l4.02.172 

73. Al-Farsi, M. A., & Lee, C. Y. (2011). Usage of date 

(Phoenix dactylifera L.) seeds in human health and animal 
feed. Nuts and Seeds in Health and Disease Prevention, 
447-452. https://doi.org/10.1016/b978-Q-12-375688- 

6.10053-2 

74. Radfar, R., Farhoodi, M., Ghasemi, I., Khaneghah, A.M., 
Shahraz, F., & Hosseini, H. (2019). Assessment ofphenolic 
contents and antioxidant and antibacterial activities of 
extracts from four varieties of Iranian date palm (Phoenix 
dactylifera L.) seeds. Applied Food Biotechnology, 6, 173- 
184. https:// doi.org/ 10.22037/afb.v%vi%i.23379 

75. Abou-Zeid, A. A., Baeshin, N. A., & Baghlaf, A. O. (1991). 

The formation of oxytetracycline in a date-coat medium. 
Bioresource Technology, 37(2), 179-184. 

https://doi.org/10. 1016/0960-8524(91)90208-2 

76. Baeshin, N. A., Abou-Zeid, A. A., & Baghlaf, A. O. (1993). 
The production of oxytetracycline in a date medium by 
different mutants of Streptomyces rimosus induced by dry 
and wet heat. Bioresource Technology, 44(3), 259-261. 
https://doi.org/10. 1016/0960-8524(93)90161-4 

f N 

Cite this article as: Ait Ouahioune L, Bara F, Bariz K, Houali K, 
Djenane D. Assessment of antioxidant and antibacterial activity of 
Phoenix dactylifera L. seed extracts: Perspective for the development 
of new foods. Nor. Afr. J. Food Nutr. Res. July - December 
(2020);04(08):298-308. httDs://doi.org/10.5281/zenodo.4l6l797 


308 


Nor. Afr. J. Food Nutr. Res. | Volume 04 Issue 8, 2020 


© 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.Org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 




















